Abstract
In the absence of an applied magnetic field a process which will permit the existence of a Fermi contact hyperfine interaction at the Cu ba nucleus which does not average to zero when summed over the randomly oriented spins of N conduction electrons is the scattering of s-wave electrons from the long-ranged exchange poten-
tial of an open-shell impurity atom located at a distance R from the Cu nucleus and then the Fermi contact interaction at the Cu nucleus. This is a two-center analog of the virtual process which is responsible for most of the Fermi contact hyperfine structure of open-shell atoms (polarization of the closed s core).
The first order energy due to the Fermi contact interaction of the conduction electrons at the Cu nucleus which have first exchange scattered from the 3d electrons of Mn is calculated as a function of R.
It is found to change sign between R =4.8299 (nearest neighbor distance), R-4.8299 and R =8, and R =8 and R-10 au, suggesting dependence on impurity concentration experiments and experiments in which compression or expansion can change the lattice distances.
The exchange potential is presented as a function of electron velocity and R. For completeness the RKKY type spin density waves are presented as a function of the distance from the impurity for several values of R. Also for R-0 an estimate is made of the exchange polarization potential due to the adiabatic polarization of the impurity by the scattering electrons and found to be significant.
for the spin up eiectron and the absence of these potentials for the spin down electron. This is analogous to the virtual process which gives the major contribution to the Fermi contact an applied magnetic field. The strength of this interaction will depend on the magnitude of the exchange potential and thus on the distance between the Cu and impurity atoms. The interaction energy can be of either sign and thus does not have to be in excess of the no-impurity shift. The connection with the HWJG and other theories now becomes more apparent. The above describes the microsystem of a single Cu = impurity pair.
Since the other impurities of the system can be distributed among 2S+1 degenerate states, the Fermi interactions over the entire system will still average to zero unless there is an applied field or short ranged magnetic order among the impurity atoms (known to exist for Mn 7 ). This paper will be concerned with a given pair for which the impurity has a particular spin projection M S (M S S is the case chosen) and thus with the zero-field shift localized in the region of this pair.
ter Fagg t is cIcar w. '.' at cDaaiiS when the field is turned on At zero te.-nperature all o17 the Mn atoms occupy the lowest of the 2S+1 Zaaman-split states, and tie local shifts Cue to the Fermi Interaction are of the ssme sign and add.
As the temperature increases the levels become equally populated, and the local shifts average to zero over the entire system. This is in agreement with the observations of Sugawara. Further there is an additional potential9 V pol i Vpol,exch' which results from the long-ranged polarization of the target by the scattering electron and is known to affect the phase shift by about 10 ,in the low energy elastic scattering from hydrogen atoms.
We have estimated the contribution of Vpol,exch for the fictitious case (R-0) when the Cu and Mn atoms are united and found the exchange potential changed by about 10%. A careful study of this potential at nonzero R is therefore indicated (see the appendix)
We specialize eq. 6 to r-0 (the only contribution to the delta function interaction in 1), leaving only the leading term
In the expansion of G,
where V is obtained by keeping cnly the s-d exchange terms in 7, since ail others cancel when 1 is evaluated. We then define,
where we have kept the leading term in the plane wave expansion of e ik 'r . This is equivalent to spherically averaging the potential so that the 1-0 partial wave, which is the only waVe'which"contributes to 1, is uncoupled to other partial waves. Table 2 . The overlap terms in eq. 7
were estimated to contribute about 1% at R-1 to the energy shift and were neglected (note that only the m-0 d electron has an overlap with the s waves).
Inspection of Table 2 shows that for R greater than about 4 the convergence is very slow. The numbers for the higher R's are not fully converged, but are adequate to establish that the oscillatory variation of the shift with R is not an artifact of a nonconverged series. Also it is felt that this convergence is adequate given the set of physical approximations used in this calculation.
All integrals were evaluated using the analytic Hartree- 
